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Improved Separation in Gas Chromatography
by Temperature Programming

Application to Mercaptans and Sulfides
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b Elegant linear temperature pro-
gramming combined with constant gas
flow is not necessary for the separation
of a mixture having a wide range of
boiling points. A method of nonlinear
progromming is described which pro-
vides adequate separations. Conven-
tional gas chromatography equipment
may be employed with only minor
modifications. The separation of a
mixture of 12 mercaptans, boiling
range 35° to 220° C., and a mixture
of 11 sulfides, boiling range 37° to
- 235° C.,, is described. All of these
compounds, including isomeric as well
as normal members of each series, are
efficiently separated in 28 minules
on g 7-foot squalane column which is
temperature programmed from 20° to
150° C.

THE advantages of programmed tem-
persture gas chromatography for
the improved separation of mixtures of
volatile components having a wide range
of boeiling points have been described
recently (4, 7). This technique has
been investigated for the separation of
homologous series of aliphatic mercap-
, tans and sulfides. Chemieal methods
* for the separation and identifieation of
these compounds are difficult because
of the similarity of their chemical prop-
erties (9). Previous reports of the
gas chromatographic separation of
these volatile sulfur compounds have
included only a few low molecular weight
members of the series (1, 11, 12).

In many applications gas chromatog-
raphy is employed primarily as a means
of separation of mixtures, but to collect
the individual components of the mix-
ture it iz necessary to achieve wider
peak separation than is ordinarily re-
quired for analytical gas chromatog-
raphy.

These studies have confirmed observa-
tions (4, 7) that improved separation is
obtained when the temperature is gradu-
ally increased during the time of elution
of the components of the mixture from
the column. Also, good separation can
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be achieved by raising the tempera.tu:{e
in a nonlinear rather than in a linear
manner. The technique permits the
separation of isomeric as well as normal
members of a homologous series.

EXPERIMENTAL

Materials and Apparatus. The
apparatus used to obtain the chroma-
tograms was a modified Aerograph
Model No. A-100 (Wilkens Instru-
ment and Research, Inc.). Prelim-
inary studies of temperature program-
ming showed that considerable drift
of base line resulted when the detector
was heated simultancously with the
column. To eliminate this drift, the
thermal conduetivity cell of the Aero-
graph was replaced by a Gow-Mac
Instrument Co. unit located outside the
column oven about 8 inches from the
exit end of the column. The Gow-Mac
cell, containing four tungsten wire
filaments having so-called TE geometry
and mounted with mechanical seals, was
fitted with a heater and ifs temper-
ature maintained at 150° C. The tub-
ing which connected the eolumn and
detector unit was wrapped with heater
tape and also maintained at 150° C.
The helium stream to the reference side
of the detector was maintained at
150° C. in the same manner. In this
way the gas streams fowing through the
detector were always at constant tem-
perature, thus reducing base-line drift
to a minimum.

The serum cap sample inlet of the
Aerograph was removed and replaced
by a Fisher-Gulf capillary pipet sample
introduction unit to permit introduec-
tion of reproduecible volumes of sample.
A separate heater for this unit ensured
complete volatilization of the sample.
The temperature of the inlet was also
maintained at 150° C.

The bridge output signal from the
detector was applied without attenu-
ation to a Brown 0- to 10-mv. poten-
tiometric recorder. Sample size was
selected to permit all peaks to appear on
scale while recording at maximum sensi-
tivity.

The column used throughout the
study was a 7-foof, 0.25-inch outer
diameter stainless steel coiled column
packed with 25%, by weight of squalane
on 30- to 60-mesh firebrick. The
squalane was heated in an open oven
at 135° C. for 24 hours before absorption

on the firebrick to remove lower boiling
impurities. The column was mounted
in the oven of the Aerograph.

The choice of squalane as the station-
ary phase was based on preliminary
studies in this laboratory to select the
most suitable column packing to permit
purification of mercaptans and sulfides.
In this work 18 mercaptans and 17 sul-
fides were screened as individuals on
five stationary phases on firebrick.
These were paraffin (average carbon
number, Cw), silicone, dinonyl phthal-
ate, Carbowax 1500, and squalane. The
best separation was obtained on squa-
lane and paraffin, Silicone, dinonyl
phthalate, and Carbowax were less satis-
factory, and for higher molecular weight
sulfur compounds dinonyl phthalate and
Carbowax gave peaks at temperatures
near the boiling points of the compounds
which were rated from fair to poor.

For the separation of mixtures ap-
proximately equimolar amounts of 12
mercaptans and 11 sulfides were taken to
prepare the wide boiling range mixtures
of each type of compound. Somewhat
larger amounts of the higher molecular
weight compounds were taken to com-
pensate for the reduced sensitivity of
the detector toward these compounds
and to provide peank heights of sufficient
size to aid in the evaluation of the sep-
arations obtained. The compounds
used and their boiling points are given
in Table I. These compounds were
used without prior purification, as the
presence of small amounts of impurities
had no observable effect on the separa-
tion of the principal components. Each
mixture had a boiling point range of
about 200° C. All the components
were liquids and each sample was ad-
mitted to the chromatoegraphic column
through the heated Tigher-Gulf liquid
inlet from a calibrated capillary pipet.

In all the studies helium was used as a
earrier gas at the same initial flow rate of
100 ml. per minute. In the pro-
grammed temperature separations small
deereages in flow rate (about 10 ml. per
minute) were observed at the end of the
run as the temperature reached its upper
limit, but they did not appear to affect
the separations obtained.
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Isothermal chromatograms were ob-
tained in the conventional manner with
the column maintained at & predeter-
mined eonstant temperature within the
oven of the Aerograph.

Procedure. The variable voltage
transformer used to control the Aero-
graph oven temperature is turned up
to full scale with the power switch in
ofi-position. At{ the start of the run
the oven is at ambient temperature
(20° C.) or preheated to about 20° C.
if necessary. The sample is admitfed
and the oven power switch is turned to
on. The temperature rise character-
istic of the oven under these conditions
shows a slow temperature rise during the
first 10 minutes after the start. The
temperature then starts to rise rapidly
at an increasing rate, reaching 150° C.
after about 30 minutes’ total elapsed
time.

The nonlinear temperature char-
acteristic thus obtained by this simple
manipulation of the usual type of tem-
perature controls is ideally suited to ef-
ficient programmed temperature gas
chromatography. Data obtained using
this procedure showed that the fime-
temperature characteristic can be easily
reproduced (Table IT),

Any programmed temperature rise
can be obtained by manual adjustment
of the variable heater voltage control
during the run and the linearly pro-
grammed runs were obtained in this
manner. To obtain a faster rise than
that provided by the oven heater alone,
an auxiliary heafer can be installed in
the oven,

RESULTS AND DISCUSSION

The effect of temperature on reten-
tion volume and on separation factors
has been discussed by Phillips (10) and
others (5, 8. It is difficult to separate
widely boiling mixtures at a constant
temperature. From a series of iso-
thermal chromatograms at 40° C. only
five'sulfides, boiling range 37° t0 117° C,,
are eluted from the column and are well
separated. At B0° C. eight sulfides,
boiling range 37° to 165° C., may be
eluted, but the lower hoiling compo-
nents of the mixture show poorer resolu-
tion. At 120° C. 10 of the 11 sulfides
may be eluted, but some of the lower
menbers are unresolved and the higher
members show distorfed peak forms.
Good resolution is obtained only for
those components having boiling points
in the range 1407 to 190° C. Similarly,
at 150° C., although all the components
are eluted, resolution is obtained only
for components boiling in the range 180°
to 240° C.

Although various devices and tech-
niques have been employed to improve
the separation of widely boiling mix-
tures, all suffer certain disadvantages.

Table I. Times and Temperatures of Elution for Programmed Temperature
Separation
Mercaptans Sulfides
Boiling  Time, Temper- Botling Time, Temper-
point, min-  ature, point, min- ature,
Compound  ° utes °C. Compound °C. utes °
Ethyl 356.0 1.2 20.0 Dimethyl 37.3 1.4 20.0
Isopropyl  52.6 1.8 21.5 Methylethyl 66.7 3.3 24.0
n-Propyl 67.6 3.0 24 .5 Methylisopropyl  84.8 4.8 27.5
Isobutyl 88.7 5.0 20.5 Diethyl 921 5.7 30.0
n-Butyl 98.5 6.6 33.5 Ethyl-n-propyl 118.5 9.2 42.5
Isoamyl 117-119 9.4 40.5 Di-n-propyl 142-144 12,9 67.5
n-Amyl 126 .6 11.0 51.0 Isopropyl-n-buty! 163-165 14.2 9.0
n-Hexyl 149-152  15.4 83.0 Diisobutyl 170 16.0 93.0
n-Heptyl 174-176 16.4 92.0 Di-n-butyl 188 19.7 123.0
terti-Octyl  190-195 19.8 120, Diisoamyi 216 24.9 142.5
n-Octyl  201-203 243 137.0, Di-n-Amyl 235 28.2 151.0
n-Nonyl 220 29.3 1500
Table If. Reproducibility of Time-Temperature Program
Run No.
Time 1 3 3 3 4 &
Start 20° C. 20° C e 40° C. 40° C e
2 21 20 0.5 51 50 6.5
4 25 25 0 62 60 1.0
6 31 31 [H 72 70 1.0
8 37 37 t] 80 78 1.0
10 46 46 0 90 &8 1.0
12 58 58 0 96 95 0.5
14 74 73 0.5 102 103 0.5
16 88 87 0.5 110 108 1.0
18 - 104 104 0 118 116 1.0
20 117 118 4.5 123 122 0.5
22 124 122 1.0 130 128 1.6
24 130 130 0 133 132 0.5
26 137 138 0.5 139 138 0.5
238 145 145 0 145 146 0.5
30 151 151 0 151 151 0
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Figure 1. Nonlinear temperature programmed separation of a

homologous series of mercaptans

The use of multistage columns (3) at
various temperatures involves addi-
tional mapipulation of the sample
and extra equipment expense. The
technigue of raising the temperature
in a stepwise manner (2, 6) during
the course of elution from the column or
making replicate analyses at different
temperatures (8) only partially improves
the separation. The conditions for op-
fimum separation are fulfilled when the
column temperature is gradually in-
creased. Uf a linearly programmed
temperature rise is employed, elegant
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temperature and flow controllers must
be incorporated in the apparatus {(4).
However, improved adequate separa-
tion of all members is achieved mare con-
veniently by nonlinear programming
with neither elaborate electromechanical
temperature controllers nor flow con-
trollers.

Nonhinearly programmed chromato-
grams of both the mercaptan series and
the sulfide series are shown in Figures 1
and 2. Exeellent separations were
achieved for all components of each mix-
ture and not more than 30 minutes
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were required to complete the elutions.
A summary of the retention times and
temperatures at which the components
are eluted is given in Table I. Several
nonlinearly programmed temperature
runs were made of both the mercaptan
and sulfide mixtures and in every in-
stance good separations were obtained.

Without rigid control of the flow rate
a nonlinear program gave better separa-
tions than a linear program. Figure 3
shows a linearly programmed chromato-
gram of the mixture of mercaptans. The
temperature rise is 7° C. per minute,
which causes the lower boiling compo-
nents to be eluted without sufficient
separation. Tigure 4 shows a chromato-
gram of the same mixture programmed
linearly with a temperature rise of 3° C,
per minute. Although the lower mem-
bers of the serles are all resolved, the
higher members do not peak well and
an excessively long time is required to
completely elute all of the components.
In this run the last member of the series,
n-nonyl mercaptan, has not been eluted
even after 40 minutes.

Although better linearly programmed
separations can be achieved by the more
elegant method of linear temperature
programming with constant gas flow, a
nonlinear tempersture rise without gas
flow control gives comparable results
and saves substantial equipment costs
and the care necessary to maintain con-
ditions,
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Figure 2. Nonlinear temperbture progrommed separation of @

homologous series of sulfides
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Figure 3. Linear temperature programmed separation of a
homologous series of mercaptans
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series of mercaptans
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